The results of an epidemiological survey of facial clefting in the province of Manitoba which covered the years 1964 to 1977, inclusive, are reported. The mean annual incidence of total facial clefts was 2 in 1000 births; the incidence of cleft lip ± cleft palate (CLP), and of cleft palate (CP), unassociated with a syndrome or two or more major malformations, was 1 05 in 1000 and 0.46 in 1000, respectively. Mennonite infants were over-represented in the CLP group and Amerindian infants in both the CLP and CP groups. These ethnic groups also had more familial cases and showed higher average coefficients of inbreeding. Recurrence rates among sibs were found to be influenced by the presence or absence of additional affected relatives and by the presence of malformations in the proband. It is possible that these latter two variables may not be independent.
This study was undertaken in order to assess the incidence of facial clefting in Manitoba, to search for possible associations of clefting with demographic variables, and to determine the recurrence rates of facial clefting in families ascertained through an affected child. Of particular interest was how the occurrence of affected second and third degree relatives of the proband, and the presence or absence of additional malformations, would influence recurrence rates.
Methods
Children born with facial clefts in the province of Manitoba from 1 January 1964 to 31 December 1977, inclusive, were ascertained through a direct search of the records of all Winnipeg hospitals, the Provincial Congenital Anomalies Registry, dental records of the Orthodontic Department of the University of Manitoba and of private Manitoba orthodontists, and through inquiries to other provincial hospitals and nursing stations.
Surgical repair of facial clefts in Manitoba has been limited to Winnipeg hospitals throughout the study period and there are no neighbouring extraprovincial centres that draw patients away from the province for surgery. Treatment of facial clefts is the rule in surviving infants and ascertainment of this group is likely to be close to 100 %. Some infants who were stillborn or died in the perinatal period may have been missed.
Received for publication 6 June 1979 127 An attempt was made to contact the families of affected children in order to complete a questionnaire and to supplement information contained in the various medical records. Approximately half the families were contacted; appropriate adjustments were made for missing data. The data were coded for analysis by computer.
Each case was assigned first to either the cleft palate without cleft lip (CP), or to the lateral cleft lip with or without cleft palate (CLP) group.'
Patients with a recognised syndrome or multiple congenital anomalies (MCA) (defined here as two or more major malformations in addition to the cleft) were considered separately. In addition, for some aspects of the study, the CP and CLP patients were further subdivided according to the type of additional malformations present: none, one minor, more than one minor, one major, one major plus minor.
Results and discussion A total of 507 children with facial clefts from 492 Manitoba families was ascertained. In the event that more than one affected child was born into a family during the study period, the oldest child was normally considered the index case or proband. The proband of these multiply ascertained families is marked with an asterisk in the appendix.* All 507 cases were used in such calculations as incidence and Joan Welch and Alasdair G W Hunter sex ratios, whereas each family was counted only once when considering associated variables that would have been biased by repeated inclusion of the same data.
There was no evidence of any secular change in incidence over the study period and the average annual incidence of 2-00 per 1000 births is in the middle range of values reported from previous studies. 2 A past history of spontaneous abortion occurred with the same frequency among CLP (20 7%), CP (20 3 %), and women in the general population (17-1%) (Hamerton et al, unpublished data). An unexpected finding was that 7 6% of CLP mothers and 10% of CP mothers had given birth to an additional child with a different malformation.
Variables that did not appear to have any relationship to the occurrence of clefting included birthweight, gestational age, season of birth, twin births, maternal smoking during pregnancy, parental education, and occupation.
Family data
The patients in the MCA and syndrome groups represent a broad range of known and unknown aetiologies (included in appendix). As expected, a number of clefting syndromes are represented and some show a positive family history. On the other hand there are several syndromes (for example Down's, Goldenhar's, Marfanoid hypermobility) where cleft palate is a less frequent component of the syndrome, and it is perhaps significant that a positive family history of isolated clefting (that is, without the syndrome) is common in these patients. This supports the concept that even in syndromes of known aetiology, the expression of a particular malformation may be influenced by the genetic background of the individual patient.
The frequency of clefting among first and second degree relatives of CLP and CP cases is given in table 3 . CLP occurred 33 times more frequently among first degree relatives (sibs), and 13 times more frequently among second degree relatives, than in the general population; the figures for CP were 119 and 21 -5 times, respectively. This increased rate in relatives with a rapid fall-off in incidence with degree of relationship is compatible with polygenic inheritance,L 5 6 but we could not assess the rates in third degree relatives. The lower frequency of clefting in parents as compared to sibs of affected children is perhaps explained by a decreased genetic fitness among cleft patients. Similar data were reported by Woolf5 and Bear.6 (5-41%) affected family members. Sibs from CLP and CP families where the index case is the sole affected member are at significantly lower risk than sibs from families where a second or third degree relative is affected. Thus, the genetic component of both CLP and CP appears to be high and the heritability, based on sib data, was calculated to be 75 % and Joan Welch and Alasdair G W Hunter 77 %, respectively.14 There was the same increased number of Mennonites among the familial CLP and of Amerindians among the familial CLP and CP groups as was seen in the total groups. Parental age data and sex ratio showed no significant difference between familial and sporadic cases for either CLP or CP.
There were few sibs born to families where a parent was also affected and this was apparently because of restriction of further reproduction once a child with a cleft was born. The mean sibship size for CLP and CP families in this study was 3 4 and 3 6, respectively, but in CLP and CP families where a parent was also affected the mean number of sibs was I * 8 and 0 7, respectively.
Woolf et al'5 suggested that most polygenic cases of CLP lack associated malformations and that cases of CLP with associated malformation either result from rare mutant genes, or from some teratological agent, or from chromosomal aberrations. In a study of CLP in 19715 he found that the sib recurrence risk in cases where the index case had an associated malformation was significantly lower than in cases where there were no additional defects. Bear6 found no variation dependent upon associated malformations. Although the numbers are small our frequency of affected relatives in the CLP and CP groups was consistently greater when the proband had an associated major or minor malformation or both ( In conclusion, this study has provided incidence rates for the different forms of facial clefting in Manitoba and has confirmed an ethnic variation in incidence. The recurrence rates among sibs have been shown to be strongly influenced by the presence of affected relatives other than the proband and of malformations in the proband. There is a suggestion that these latter two variables may not be independent. It is clear that facial clefts have diverse aetiologies and that only by precise analysis of cases subdivided according to their physical and family history and demographic data will it be possible to obtain meaningful insights into the aetiologies and genetics of CLP and CP. Unfortunately, as one continues to subdivide into categories, the requirements for greater numbers of cases and for accuracy of recording increase and it becomes increasingly difficult for one centre to obtain adequate data. Our study suffers the defects of a retrospective study, including loss of cases and incomplete data. This is particularly true with respect to family history information and the recording of minor anomalies. For this reason we believe that a long-term, prospective, multicentre study with standard recording of family history, assessment of minor and major malformations, face shape, and follow-up may be required to provide answers to the questions that remain regarding the genetics and counselling of CLP and CP.
